In this paper, we report on measurements of absorption spectra of hexogen, penthrite, and octogen. The measurements were carried out by means of time domain spectroscopy and compared to spectra obtained from a setup, which bases on an optical parametric oscillator combined with a Golay cell. For time domain spectroscopy measurement, Teraview TPS 3000 unit with accessories in transmission conguration was used.
Introduction
We present the comparison of transmission spectra of Only small discrepancies between spectra measured by both methods are observed in the range 0.72.2 THz. For this range typical features of explosives can be identied using both methods. However, the TDS setup seems to have better performance in terms of signal-to-noise ratio and sensitivity.
Sample preparation
For the purpose of transmission considerations, we noted that pure materials have high attenuation, so we decided to mix them with polyethylene (PE) powders (matrix), which is highly transparent in the THz range.
The materials were ground using a mortar and pestle to reduce the particle size and to avoid scattering loss * corresponding author; e-mail: ttrzcinski@wat.edu.pl [13] . Next, the explosives were mixed with the matrix powder. The mixing ratio was 10% (weight of a material versus total weight of mixed samples). Afterwards, the sample was pressed into pellets (weight 400 mg and 13 mm in diameter) directly using a hydraulic press. As a result we obtained the sample which consisted of 40 mg TDS setup with pulses generated by an 800 nm femtosecond Ti:sapphire laser (a pulse duration less than 100 fs, repetition rate of 80 MHz, and average power of 300 mW) is presented in Fig. 1 . The laser beam is split into a pump and probe and directed through a system of mirrors to an emitter and a detector, which bases on low temperature grown GaAs dipole antennas. The pump beam is focused on the biased emitter antenna to generate THz pulses through a photoconductive phenomenon.
Such pulses last near 1 ps and have broadband spectrum, usually in the range 0.13.0 THz or more.
The transmitted THz beam can be detected by means of the detector antenna gated using the laser probe beam and a mechanical delay line. A lock-in amplier and some software are used to collect and process data. The system is purged with dry air to eliminate water vapor.
This setup is commonly used for determination of transmission (or absorption) parameters of the materials.
First step is to measure a reference the pellet made of pure polyethylene in our case, which is inserted in the It is a common practice in spectroscopic measurements to present data in logarithmic scale as absorption instead of transmission using absorbance (A), which is dened as:
(1) Figure 2b shows absorbance of RDX sample determined by Eq. (1), respectively.
OPO-based setup
TDS is a mature and commonly used technique thanks to its high sensitivity and resolution. Hovewer, it suers from the fact that the femtosecond laser, which is expensive, must be used for generation and detection of THz radiation.
On the other hand, scientic world is looking for another techniques, which can be applied for spectroscopic Tuning curve measured by means of Golay cell is presented in Fig. 3b . Due to poor signal intensity we limited our measurements to the range 0.72.2 THz.
Transmission measurements were performed in the system which is schematically shown in Fig. 4a . Terahertz radiation generated by the OPO laser is reected from the gold-coated parabolic mirror (f = 10 cm) and is focused on the detector the Golay cell. We applied commercially available Golay cell from Microtech, which has the dynamic range: 100 nW1 mW, the maximum modulation frequency 50 Hz and the responsivity 10 4 V/W at 12.5 Hz modulation. As the repetition rate of the laser (53 Hz) is slight above the maximum modulation of the detector as well as the laser works in the impulse mode (impulse duration of about 10 ns), we can obtain the signal whose amplitude is low (≈ 50 mV at maximum) and uctuates in time see Fig. 4b . Therefore, to cope with this problem and to gain higher dynamic range we applied the detection scheme which includes a lock-in amplier and an averaging software. On the other hand, spectra obtained from OPO-based system are rough. Since we applied the lock-in amplier--based detection scheme and averaging, detection lasted even one hour to obtain good stability. We think that there could be a small change in frequency of laser during reference and material scanning and this can cause some uctuations in transmission (or absorption) properties clearly seen in Fig. 5c at lower frequencies. Moreover, we used the Golay cell detector which is sensitive but slow to measure very fast impulses, which also can deteriorate the results. Therefore, in our future investigation we plan to use a fast and sensitive detector, which will consist of hot electron bolometer cooled to 4 K.
